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Q with at least 90 per cent by weight of particles having a size below 20 gym, a Radioactive Dentine Abrasion (RDA) delemiined on 

an aqueous slurry of the silica powder of 100 to 220, a Pellicle Cleaning Ratio (PCR), when incorporated in a dental composition 
Q at 10 percent by weight, greater than 85. the ratio of PCR to RDA being in the range 0.4:1 to less than 1:1 and having a Plastics 
^ Abrasion Value (PAV) in the range 11 to 19. A silica having the above properties is prepared by a precipitation route. ITie silica 

made avidlable by the invention is also useful as an and blocking agent in plastics. 
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AMORPHOUS SILICA 



PCT/GB02/05425 



This invention relates to amorphous silica and particularly to amorphous silica suitable for use in 
dental compositions. 

Amorphous silicas have been used as effective, compatible abrasives In dental compositions for a 
number of years. It is desirable that the silica should be effident at cleaning the pellicle film from teeth 
but preferably should cause minimal damage to teeth. Recently, a number of silicas have been 
developed which provide good cleaning and relatively little abrasion, as measured by the standard 
test known as Radioactive Dentine Abrasion (RDA). Such silicas are described in, for example, 
WO 97/02211 and WO 96/09809. Generally, although these silicas have good cleaning properties in 
comparison with their abrasion properties, they possess a low RDA value. Consequently, in order to 
obtain a dentifrice having good cleaning performance, it is necessary to include relatively large 
quantities of silica in the dentifrice (say 26 to 35 per cent by weight). The use of relatively large 
quantities of silica in a dentifrice is generally uneconomical and can be especially problematical for 
the rheological properties of the toothpaste, due to the space-filling effects of porous particles. It is 
therefore desirable to obtain a silica which has good cleaning performance at a relatively low loading 
(say 20 per cent or less) In a dentifrice. 

According to this invention an amorphous silica suitable for use in a dental composition has a weight 
mean particle size In the range 3 to 15 ^m with at least 90 per cent by weight of particles having a 
size below 20 ^im. a Radioactive Dentine Abrasion (RDA) detemnined on an aqueous slunry of the 
silica powder of 100 to 220, a Pellicle Cleaning Ratio (PCR). when incorporated in a dental 
composition at 10 per cent by we^ht, greater than 85, the ratio of PCR to RDA being In the range 
0.4 : 1 to less than 1 : 1 and having a Plastics Abrasion Value (PAV) in the range 11 to 19. 

The silicas according to the Invention possess a combination of properties distinctly different from 
known silicas suitable for dental compositions. They have a particulariy effective ability to clean, which 
is denranstrated by relatively high PCR values exhibited at conventional RDA values in dentifrices 
containing a relatively small amount of the silica. Although the PCR to RDA ratio is less than 1, the 
RDA value is higher than known silicas with a higher PCR to RDA ratio and, compared to these 
products, a higher PCR Is achievable with the same quantity of silica. In addition, the prevfously 
published celatioriship between RDA and. PAV does not apply to these products. For example, 
EP0 535 943 discloses a relationship between RDA and PAV in which an RDA value of 117 is 
equivalent to a PAV value of 16 and an RDA value of 196 is equivalent to a PAV value of 26. This 
model woukl predict that a PAV range of 1 1 to 19, as claimed herein, would necessarily imply an RDA 
range of about 80 to 140. The silicas according to the invention are also distinguishable from those 
disclosed in EP 0 535 943 and similar silicas disclosed in EP 0 666 832 by their superior cleaning 
performance. Silicas prepared according to the teachings of EP 0 535 943 or EP 0 666 832 have 
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been shown to produce a PCR less than 86 when tested in a dental composition at 10 per cent by 
weight 

Plastics Abrasion Values are a measure of the amount of scratching produced on a surface by the 
silica and are therefore indicative of possible damage to teeth. The silicas according to this invention 
possess a moderate PAV but high PCR, which indicates good cleaning without excessive damage. In 
contrast silicas produced according to EP 0 236 070 have a PAV in the range 23 to 36 (and RDA 
values between 160 and 300). but the cleaning properties are similar to those of slUcas of the 
invention. However, the much higher PAV values of EP 0 236 070 are indicative of significantly 
greater scratching of tooth surfaces. 

The amorphous silica according to the invention preferably has an oil absorption, using linseed oil, in 
the range 70 to 160 cm'/lOO g and, more preferably, the oil absorption Is In the range 75 to 
130 cm^/100 g. 

Also, the anfKJrphous silica preferably has a BET surface area In the range 10 to 450 mV\ and. more 
preferably, the BET surface area is in the range 50 to 300 m V^- 

The weight mean particle size of the silica according to the invention is detemiined using a Malvern 
Mastersizer*^ and a preferred material has a weight mean partide size In the range 6 to 10 pm. The 
particle size distribution and. hence, the proportion of particles having a size below any particular 
value can be detemiined by the same technique. For the amorphous silica of this invention, at least 
90 per cent of the particles by weight preferably have a size below 1 7 ^rni. 

In a particular embodiment of the invention, the weight mean particle size of tiie silica is in the range 
of 3 to 7 Jim. with at least 90 per cent of the particles by weight having a size below 16 jun. preferably 
below 12 fim. Such silicas can be effectively used as a cleaning booster in denfal compositions. 

The Radioactive Dentine Abrasion (RDA) of ttie silicas of tiie invention has a value In tiie range 100 to 
220. More commonly, the RDA has a value in ttie range 120 to 200 and. firequentiy, the RDA Is above 
140. Generally, silicas of the Invention having a PAV above 15 will have an RDA above 120 and ttiose 
having a PAV above 17 have an RDA above 140. 

The PCR (measured in a dental composition at 10 per cent by weight) of the amorphous silica 
according to tfie Invention is greater tfian 85. preferably greater ttian 90 and more preferably greater 
than 96. The PCR : RDA ratio is preferably in tiie range 0.5 : 1 to 0,9 : 1. 

The amorphous silica according to tiie invention preferably has a pH value, measured on a 5 percent 
by weight suspension, in the range 5 to 8, more preferably in tiie range 6 to 7.5. 
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The amount of water present on the amorphous silica suitable for use In a dental composition, as 
measured by the Ignition loss at 1000*^ C. is usually up to 25 per cent by weight and preferably up to 
15 per cent by weight Usually the ignition loss at 1000** C is more than 4 per cent by weight 

Preferred amorphous silicas according to the Invention have a Bound Water Content in the range 3.8 
to 5.8 per cent by weight Bound Water is determined by the difference between Moisture Loss 
measured at 105° C and the Loss on Ignition at 1000** C; it is characteristic of the underlying structure 
of the silica. Preferably, the Bound Water Content is in the range.4.0 to 5.6 per cent by weight and 
more preferably it is in the range 4.0 to 5.0 per cent by weight 

The Loose Bulk Density of preferred silicas according to the invention Is in the range 200 to 
400 g/dm^ 

The prefenred silicas of the invention also have an intra-particle Pore Volume, determined by mercury 
intrusion, of less than 1.0 cm^/g. Nonnally. the Intra-particle Pore Volume is more than 0.1 cm^/g. 

In addition, It Is preferred that the Mean Pore Diameter, which is a calculated parameter based on an 
assumption of cylindrical pores and derived from the following equation: 

Mean Pore Diameter (in nm) = 4000 X Pore Volume ( in cm^ g') 

Surface Area (In m^ g*^) 

is in the range 5 to 45 nm. More prefenned silicas of the invention have a Mean Pore Diameter In the 
range 10 to 30 nm and particajlarty preferred silicas have a Mean Pore Diameter in the range 12 to 
25 nm. 



A second aspect of the invention comprises a dental composition comprising an amorphous sifica 
having a we^ht mean partk^le size in the range 3 to 15 ^m with at least 90 per cent by weight of 
particles having a size below 20 ^m, a Radioactive Dentine Abrasion (RDA) determined on an 
aqueous sluny of the silica powder of 100 to 220. a Pellicle Cleaning Ratio (PCR) when incorporated 
in a dental composition at 10 per cent by weight, greater than 85. the ratio of PCR to RDA being In the 
range 0.4 : 1 to less than 1 : 1 and having a Plastics Abrasion Value (PAV) in the range 11 to 19 and 
an orally accepteble carrier. 

The dentel composltfon can be in any fomi suiteble as a dental composition, such as a paste, gel. 
cream or liquid. 



Generally, the amount of amorphous silica present in tills dentel composition is in ttie range 0.1 to 25 
per cent by weight but the amount present depends to some extent on tiie precise function of the 
siUca When used in the conventional manner, as the principal abrasive, the amount present Is 
preferably In tfie range 0.5 to 25 per cent by weight more preferably in the range 1 to 20 per cent by 
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weight and the amorphous silicas of this invention are especially useful when used In a dental 
composition in an amount in the range 1 to 15 per cent by weight since such dental compositions 
provide good cleaning and have acceptable abrasion properties. When the siiica of the invention is 
used as a cleaning booster having a relatively small particle size, as described hereinbefore, it is 
preferably present in an amount in the range 0,1 to 6 per cent by weight 

A particulariy preferred dental composition according to this invention comprises a mixture of a first 
amorphous silica, being an amorphous silica according to the invention, a second amorphous silica 
having a lower RDA value than said first amorphous silica and an orally acceptable canier. 
Preferably, the second amorphous silica has an RDA in the range 40 to 130 and most preferably the 
RDA of the second silica Is in the range 70 to 110. An example of a suitable second silica is the 
product sold under the trade name SorbosU AC35 by INEOS Silicas Limited. Wamngton. UK, virtilch 
has a typical sifica RDA of 105. Such compositions have surprfeingly been found to give better 
cleaning than compositions containing the first silica alone but the RDA of the composition is similar to 
that of a composition containing only the first sUica. 

When the dental composition comprises such a mixture of silicas, the first amorphous silica is 
preferably present in an amount In the range 1 to 15 per cent by weight of the composition and the 
second silica is preferably present in an amount in the range 4 to 20 per cent by weight of said 
composition. More preferably, the second silica is present in an amount in the range 5 to 15 per cent 
by weight of said composition. 

An alternative dental composition according to the invention contains a first silica which is an 
amorphous silica according to this invention and having an average particle size in the range 3 to 
7 ^m with at least 90 per cent of the particles by weight having a particle size below 16 jim (booster 
silica) and a second silica (prindpal silica). In this composition, the principal silica can be a silica 
according to the Invention having an average particle size larger than ttiat of the booster silica. 
Alternatively, the booster silica can be used In conjunction with any conventional silica which is useful 
In dental compositions. Generally, in such compositions, ttie booster silica Is present in an amount In 
the range 0.1 to 6 per cent by weight of tiie dental composition and preferably In ttie range 0.5 to 
4 per cent by weight of the composition and tfie principal silica is present in an amount in the range 4 
to 25 per cent by weight of the dental composition. Preferably, the principal silica is present in ttie 
range 7 to 1 9 per cent by weight of tfie dentel composition. 

Water is usually present as a component of ttie dentel compositions of ttie invention normally in an 
amount of from about 1 to about 90 per cent by weight, preferably from about 10 to about 60 per cent, 
more preferably from about 15 to about 50 per cent by weight For clear pastes tiie water content Is 
preferably from about 1 to about 20 per cent by weight and more preferably is in tfie range 5 to 15 per 
cent by weight 
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For the preparation of a clear (or transparent) paste, a suitable silica accoitling to the invention shows 
a maximum transparency with Light Transmission of at least 70 per cent at a refractive index in the 
range 1.435 to 1.445. 

5 When tiie dental composition Is a toothpaste or cream it contains at least one humectant. for example 
a polyol such as glycerol, sorbitol syrup, polyethylene glycol, lactftol. xylitol or hydrogenated com 
syrup. The total amount of humectant is preferably in the range about 10 to about 85 per cent by 
weight of the composition. 

10 The dental composition of the invention may include one or more surfactants, preferably selected 
from anionic non-Ionic, amphoteric and zwitterionic surfectants. and mixtures thereof, all being 
suitable for oral use. The amount of surfactant present in the composition of the invention is typically 
from about 0.1 to about 3 per cent by weight (based upon 100 per cent activity). 

15 Suitable anionic surfactants may include soaps, alkyi sulphates, alkyi ether sulphates, alkaryl 
sulphonates. alkanoyi isethionates. alkanoyi taurates. alkyi succinates, alkyi sulphosuccinates. 
N-alkoyI sarcosinates, alkyi phosphates, alkyi etiier phosphates, alkyi ether carboxylates and alpha^ 
olefin sulphonates. especially their sodium, magnesium, ammonium and mono-, dl- and 
til-ethanolamine salts. The alkyi and acyl groups generally contain fit>m 8 to 18 carbon atoms and 

>0 may be saturated. The alkyi ether sulphates, alkyi ether phosphates and alkyi ether carboxylates may 
contain from one to 10 ethylene oxWe or propylene oxide units per molecule, and preferably 2 to 3 
ethylene oxkie units per molecule. Examples of preferred anionto surfactants include sodium lauryl 
sulphate, sodium dodecylbenzene sulphonate. sodium lauroyi sarcosinate and sodium coconut 
monoglyceride sulphonate. 

:5 

Non-ionic surfactants whrch may be suitable for use In the dental composition of ttie invention include 
sorbitan and polyglycerol esters of fatty acids, as well as ethylene oxide/propylene oxkle block 
copolymers. 



0 



Suitable amphoteric surfactants include betaines such as cocamkJopropyl betaine and 
sulphobetaines. 



The dentel impositions of the present invention preferably include one or more thickening agents 
and/or suspending agents in order to give ttie composition ttie desired physical properties (e.g. 
5 vi/hettier a paste, cream or a bquid) and in order that ttie amorphous silica of ttie invention remains 
stebly dispersed ttiroughout the composition. 

A particufarly preferred means for ttiickening ttie dentel compositions of ttie inventk>n is by ttie 
Inclusion of a ttiickening siltea in conjunction witti a polymer suspending or ttifekening agent. Suitable 
3 well-known polymer suspending or ttiickening agents, whfch may be used atone or in conjunction witti 



wo 03/055802 PCT/GBO 2/05425 

6 

a thickenfng silica, include polyacrylic acid, copolymers and cross-finked polymers of acrylic add, 
copolymers of acrylic acid with a hydrophobic monomer, copolymers of carboxylic acid-containing 
monomers and acrylic esters, cross-linked copolymers of acrylic ackJ and acrylate esters, esters of 
ethylene glycol or esters of polyethylene glycol (e.g. fatty acid esters thereof), heteropolysaccharide 
gums such as xanthan and guar gums, and cellubse derivatives such as sodium carboxymethyl 
cellulose. Particularly suitable suspending or thfckening agents are xanthan gum and sodium 
carboxymethyl cellulose. These thickeners (which may be used singly or as mixtures of two or more 
of the above materials) may be present in the composition in a total amount of from about 0.1 to about 
6 per cent by weight When used with silica thickening agents they are preferably present in an 
amount in the range 0.1 to 6.0 per cent by weight Silica thickening agents, such as the silica sold 
under the trade name Soritwsil TCI 5 by INEOS Silicas Umited. Warrington, UK. when present, 
comprise from about 0.1 to about 15 per cent by weight, preferably about 1 to about 10 per cent by 
weight of the composition. 



Frequently, the dental compositions of the invention contain chelating agents such as tartaric acid, 
citric ackJ, alkali metal citrates, soluble pyrophosphates, such as alkali metal pyrophosphates, and 
polymerk: polycarboxylates. 

One or more other components that are conventionally found in a dental composition may be present 
In the dental composition and include the following; flavouring substances such as peppermint, 
spearmint; artificial sweeteners; perfume or breath freshening substances; peariescing agents; peroxy 
compounds such as hydrogen peroxide or peracetic acid; opacifiers; pigments and colourings; 
preservatives; moisturising agents; fluoride-containing compounds; anti-caries and anti-plaque 
agents; anti-tartar agents; antl-hypersensitivily agents; therapeutic agents such as zinc citrate, 
Triclosan (ex Ciba Geigy); proteins; enzymes; salts; baking soda and pH adjusting agents. 

Dental compositions In accordance with the invention may be made by conventional methods for 
preparing such compositbns. Pastes and creams may be prepared by conventional techniques, for 
example, using high shear mbcing systems under vacuum. 

Preferably, the amorphous silica according to the invention is a predpitated silica and a third aspect of 
the invention comprises a process for the preparation of an amorphous silica comprising the steps of: 
(a) Introducing an amount of an aqueous solution of alkali metal silicate, having an Si02 : M2O 
molar ratio, where M is an alkali metal, in ttie range from 2.0 : 1 to 3.4 : 1 and a first amount of 
mineral acM into an aqueous reaction mbdure whilst applying high shear from an in-line mixer 
to the reaction mixtijre. tiie alkali metal silicate solution and the mineral acid being supplied at 
a rate which ensures that the pH of the reaction mixture is held substantially constant at a 
value in tiie range from about 9 to about 1 1, the concentration of silica after the addition of the 
first amount of mineral ackl being from about 5.5 to about 7.5 per cent by weight of the 
reaction mixture, the temperature of the reaction mixture during introduction of ttie alkali metal 



wo 03/055802 PCT/GB02/05425 

7 

silicate and the mineral acid being in the range of about 60^ C to about 80** C and the period 
over which the alkali metal silicate and the mineral acid are introduced being between 40 and 
80 minutes, in the presence of a water soluble electrolyte, wherein the electrolyte is present in 
an amount such that the weight ratio of electrolyte to silica is from about 0.1 : 1 to 0.25 : 1 , 

(b) increasing the temperature of the reaction mixture to a temperature in the range 90 to 
100*» C, 

(c) maintaining the reaction mixture at this temperature for a period in the range 5 to 30 
minutes, 

(d) adding to the reaction mixture a second amount of mineral acid over a period in the range 
5 to 20 minutes, said second amount being sufficient to adjust the pH of the reaction mixture 
to a value in the range 3 to 5, 

(e) filtering the silica thus produced from the reaction mixture and washing and flash drying 
the silica, and 

(f) comminuting the dried silica to the desired particle see distribution. 

OptkDnally, an ageing step can be introduced during the addition of the second amount of mineral add 
[Step(d}] wherein the add addition is paused at a pH in the range 5 to 6 and the reaction mixture is 
maintained for a period in the range 5 to 30 minutes at a pH in the range 5 to 6 and a temperature in 
the range 90^ C and 1 00<* C, after which the second addition of mineral add is continued. 

In the process according to the Invention, the alkali metal silicate can be any alkali metal silicate but 
the readily available sodium silicate is usually preferred. The sodium silicate preferably has an 
SiOj : NaaO weight ratio in the range 3.2 : 1 to 3.4 : 1 and a concentration, expressed as Si02, in the 
range 14 to 20 per cent by weight The preferred mineral add for use in the process of the invention is 
sulphuric add at a concentration in tiie range 15 to 20 per cent by weight 

It is important that the reaction mixture is subjected to high shear during the introduction of silicate 
and acid. One suitable means of applying this shear is to pass the mixture through a Silverson in-line 
mbcer throughout the entire reaction period, the Silverson mbcer being internally configured with a 
square hole high shear screen or disintegrating head, as defined by the manufacturer. 

A number of compounds are suitable as water soluble electrolytes. Commonly, the electrolyte is a salt 
of an alkali metal, such as a chloride or sulphate and preferred electrolytes are sodium chloride and. 
sodium sulphate, with sodium chloride being the most preferred. 

After the silica fomned In the process of the Invention is separated from the reaction mixture it is 
washed to remove salts. Typically, it is washed until any residual salt is below 2 per cent by weight, 
based on dry silica. 
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The dry silica is cx)mminuted to an appropriate particle size distribution. The comminution can be 
canted out using a mill such as a rotating beater mill with air classifier. Preferably, when a small mean 
particle size Is desired, as with the silica described hereinbefore as booster silica, the comminution is 
carried out using a fluid energy mill or microniser with integral air classifier. 

Silica having the aforementioned properties or made according to the process described above has 
also been found to be useful as an anti-blocking agent in polymer films. The silica Is incorporated into 
polymeric films and its presence helps to facilitate separation of films from one another. This is known 
as the "anti-blocking" effect 

•Accordingly, a fourth aspect of the invention comprises the use of amorphous silica having a weight 
mean particle size in the range 3 to 15 ^m with at least 90 per cent by weight of particles having a 
size below 20 jrni, a Radk>active Dentine Abrasion (RDA) detenmined on an aqueous slurry of the 
silica powder of 100 to 220, a Pelficle Cleaning Ratk) (PGR), when incorporated in a dental 
composition at 10 per cent by weight, greater than 85, the ratio of PGR to RDA being in the range 
0.4 : 1 to less than 1 : 1 and having a Plasttes Abrasion Value (PAV) in the range 11 to 19 as an anti- 
blocking agent in a polymer composition. 

The parameters vvhich characterise the silica of the lnventx)n are generally associated with the 
characterisation of silicas suitable for use in dental compositions. However, it is believed that these 
parameters describe the characteristic structure of the silica and it has been surprisingly discovered 
that silica characterised by these parameters is also extremely useful as an antj-bk>cking agent in 
polymer films. 

Silicas useful in the fourth aspect of this Invention preferably have a Bound Water Content In the 
range 3.8 to 5.8 per cent by weight They also preferably have a Loose Bulk Densify in the range 200 
to 400 g/dm^ In additfon, it is preferred that they have a Mean Pore Diameter in the range 5 to 45 nm. 

The process of the invention provides a method of producing an amorphous silica which can be 
characterised by a weight mean partk^le size in the range 3 to 15 ^m with at least 90 per cent by 
weight of particles having a size below 20 pm. a Bound Water Content in the range 3.8 to 5.8 per cent 
by weight, a Loose Bulk Density in the range 200 to 400 g/dm^ and a Mean Pore Diameter in the 
range 5 to 45 nm and this silica is useful as an anti-blocking agent in plastics films. Consequentiy, a 
fifth aspect of the inventfon comprises the use of an amorphous silica having a weight mean particle 
size in the range 3 to 15 njn with at least 90 per cent by weight of particles having a size below 
20 Jim. a Bound Water Content in the range 3.8 to 5.8 per cent by weight, a Loose Bulk Density in the 
range 200 to 400 g/dm^ and a Mean Pore Diameter in the range 5 to 45 nm as an anti-blocking agent 
for a polymer composition. 
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The preparative route described above for the silica is a "precipitation" route and the silica made thus 
therefore possesses the good optical properties associated with such silica. These properties are 
generally superior to those of silica gels, which are frequently used as antl-blocking agents. The anti- 
blocking properties of the silica are also extremely good. Incorporation of the silica into polyolefin films 
gives similar performance (reduction in film blocking force) at equal loading to those silica gels 
commonly used as anti-blocking agents. In addition, the structure of the silica of the invention 
minimises slip agent adsorptfon allowing for more effective use of such additives. 

The silica according to the invention is especially useful as an anti-blocking agent in olefin polymers 
such as polyethylene and, particulariy. polypropylene. 

The amount incorporated into the polymer Is usually In the range 0.05 to 0.5 per cent by weight with 
respect to the polymer and preferably in the range 0.10 to 0.40 per cent by weight with respect to the 
polymer. 



Silicas of the invention which are useful as anti-btocking agents preferably have a weight mean 
particle size in the range of 3 to 10 fxm, with at least 90 per cent of the particles by weight having a 
size below 17 jim. More preferably such silicas have a weight mean particle size in the range 3 to 
7 |im with at least 90 per cent of the particles by weight having a size betow 16 ^im, preferably bek>w 
12 ^m. 



In the use of silicas as anti-blocking agents according to the invention, it is prefen-ed that the silk:as 
have a Bound Water Content in the range 4.0 to 5.5 per cent by weight, more preferably in the range 
4.0 to 6.0 per cent by weight It is also preferred that the silicas used as anti-blocking agents 
according to the inventton have a Mean Pore Diameter In the range 10 to 30 nm and it is more 
preferred that they have a Mean Pore Diameter in the range 12 to 26 nm. Generally, siticas used as 
anti-blocking agents according to the invention have an intra-particle Pore Volume, determined by 
mercury intrusion, in the range 0.1 to 1.0 cm^ g"\ 

Usually silicas having a relatively low moisture loss are preferred as anti-blocking agents and it is 
preferable that silicas used as anti-blocking agents according to the inventron have a moisture loss at 
105** C of up to 5.0 per cent by weight Silicas with a moisture toss of up to 3.0 per cent by weight at 
lOe*" C are mora preferred. 



The silicas of the invention can be combined with slip agents and the combinattons used as additives 
for polymers to provkJe combined anti-blocking and slip agents. The slip agents used in such 
combinations can be any conventional slip agente such as amides of unsaturated acids, particulariy 
Ci8 to C22 unsaturated fatty acids and especially oleic acid amide and erucic acid amide. Preferred 
combined anti-blocking and slip agents comprise from 20 to 80 per cent by weight of an amkle of one 
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or more Cis to C22 unsaturated fetty acids and 20 to 80 per cent by weight of a silica according to this 
invention. 

When used as anti-blocking agents, the silicas of the invention are mixed with a polymer using any 
suitable means of preparing such mixtures. For example, the silica, polymer and any other 
components of the final composition, such as slip agents, pigments, stabilisers and antioxidants, are 
combined in a single or twin screw extruder or an intemal fBanbury^-type) mixer until a 
homogeneous composition is produced. Films can be prepared from this composition by standard 
casting or blovm film extrusion techniques. Alternatively, a master batch vi^ich contains a relatively 
high concentration of the silica of the Invention and, optionally, other Ingredients such as slip agents 
can be prepared. The master batch is subsequently mixed with virgin polymer to produce a final 
composition in which the silica of this invention is homogeneously distributed. A master batch 
generally contains from 1 to 50 weight per cent of the silica or of a combined anti-blocking and sDp 
agent as described hereint>efore. 

The amorphous silicas according to the invention are characterised by the use of the following tests. 
Oil absorption 

The oil absorption is detemnined by the ASTM spatula rub-out method (American Society of Test 
Material Standards D 281). The test is based on the principle of mixing linseed oil with the silica by 
rubbing with a spatula on a smooth surface until a stiff putty-like paste is fomied which will not break 
or separate when it is cut with a spatula. The oil absorption is then calculated from the volume of oil 
(V cm^ used to achieve this condition and the weight. W. in grams, of silk:a by means of the equation: 

Oil absorptkwi = (V x 1 00)/W. I.e. expressed in terms of cm® oil/1 00 g silk:a. 
BET Surface Area 

Surface area the silica Is measured using standard nitrogen adsorption methods of Brunauer, Emmett 
and Teller (BET) using a multi-point method with an ASAP 2400 apparatus supplied by Mfcromeritk:s of 
USA. The method is consistent with the paper by S. Bmnauer, P.H. Emmett and E. Teller, J. Am. Chem. 
Soc., 60. 309 (1938). Samples are outgassed under vacuum at 270" C for 1 hour before measurement 
at about -196" C. 

Wetaht Mean Parttele Size and Particle Size Distribution bv Malvern Mastersizer^ 
The weight mean particle size of ttie silica Is detemriined using a Malvern Mastersizer^ model S, with 
a 300 RF lens and MS17 sample presentation unit This instrument, made by Malvern Insfruments, 
Malvern. Worcestershire, uses the principle of Fraunhofer diffraction, utilising a tow power He/Ne 
laser. Before measurement, the sample is dispersed ultrasonically in water for 5 minutes to form an 
aqueous suspension. The Maivem Mastersizer® measures the weight particle size distribution of the 
silica. The weight mean particle size (dso) or 50 percentile and tiie percentage of material tjelow any 
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specified size (In particular, for this invention. 20txm, 17 |im, 16 urn. 12 urn or 10 (im) are easily 
obtained from the data generated by the instrument 

Radioactive Dentine Abrasion Test fRDA) 

The procedure follows the method for assessment of dentifrice abrasivity recommended by the 
American Dental Association (Journal of Dental Research 55(4) 563. 1976). In this procedure, 
extracted human teeth are irradiated with a neutron flux and subjected to a standard brushing regime. 
The radioactive phosphorous 32 removed from the dentin in the roots is used as the index of the 
abrasion of the dentifrice tested. A reference sluny containing 10 g of calcium pyrophosphate m 
50 cm' of 0.5% aqueous solution of sodium carboxymethyl cellulose is also measured and the RDA of 
this mixture is art>itrarily taken as 100. The precipitated silica to be tested is prepared as a suspension 
of 6.25 g in 50 cm' of 0.5% aqueous solution of sodium carboxymettiyl cellulose and submitted to the 
same brushing regime. 

Plastics Abrasion Value fPAV^ 

This test is based upon a toottibrush head brushing a Perspex* plate in contact with a suspension of 
the silica in a sorbitol/glycerol mixture. Perspex* has a similar hardness to dentine. Therefore, a 
substance which produces scratches on Perspex* is likely to produce a similar amount of scratching 
on dentine. Normally the sluny concentration is as follows: 

Silica 2.5g 

Glycerol lo.O g 

Sorbitol Syrup* 23.0 g 

*Syrup contains 70% sorbitolA30% water 

All components are weighed into a beaker and dispersed for 2 minutes at 1500 rpm using a simple 
stirrer. A 1 10 mm x 55 mm x 3 mm sheet of standard PERSPEX clear cast acrylic sheet, grade 000. 
manufactured by INEOS Acrylics Limited, is used for the test 

The test is carried out using a modified Wet Scrub Abrasion Tester produced by Sheen Instruments. 
The modification is to change «ie hoWer so ttiat a toottibrush can be used in place of a paln«»rush. in 
addition, a weight of 400 g is attached to the brush assembly, which weighs 145 g. to force ttie brush 
onto «ie PERSPEX sheet The toothbrush has a multi-tufted, flat trim nyton head witii round ended 
filaments and medium texture, for example, one soW as Professional Mentadent P gum health design, 
manufoctured by Unilever PLC under ttje Gibbs trade name. 

A galvanometer is calibrated usmg a 45* Plaspec gloss head detector and a standard (50% gtoss) 
reflecting plate. The gah/anometer reading is adjusted to a value of 50 under ttiese conditions. The 
reading of ttie fresh PERSPEX sheet is ttien carried out using the same reflectance an-angement 
The fresh piece of PERSPEX sheet is then fitted into a holder. 2 cm' of ttie dispersed silica, suffident 
to lubricate fuUy ttie brushing stroke, is placed on Uie sheet and ttie brush head is lowered onto ttie 
sheet The machine is switehed on and ttie sheet is subjected to 300 strokes of ttie weighted bmsh 
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head. The sheet is removed from the holder and all the suspension Is washed off. It Is then dried and 
Its gloss value Is determined again. The abrasion value is the difference between the unabraded gloss 
value and the gloss value after abrasion. This test procedure, when applied to known abrasives, gave 
the following typical values. 

PAV 



Calcium carbonate (15 ^m) 32 

Silica xerogei (10 nm) prepared according to GB 1 262 292 25 

Alumina trlhydrate (GIbbsite) (15 pm) 16 

Calcium pyrophosphate (10 pm) 14 

Dicaidum phosphate dihydrate (15 7 



Pellicle Cleanino Ratio (PCR) 

The PCR is measured using the test descril>ed by G.T. Stookey et aL in Joumal of Dental Research, 
November 1982. pages 1236 to 1239. Full details are available in this paper. Bovine permanent 
central Incisors are cut to obtain specimens apprc>ximately 10 mm^ which are embedded in a 
methacrylate resin. The enamel surfaces are smoothed and polished on a lapidary wheel and lightly 
etched by a 60 second Immersion in 0.12 N (1%) hydrochloric acid followed by a 30 second 
immersion in super-saturated sodium carbonate and a final etch with 1% phytic acid for 60 seconds, 
after which they are rinsed with deionised water. The specimens are then rotated at 2 rpm and 37*» C 
for 4 days through a staining broth prepared by dissolving 2.7 g finely-ground instant coffee, 2.7 g 
finely-ground Instant tea and 2.0 g finely ground gastric mucin in 800 cm® sterilised trypticase soy 
broth. 26 cm® of a 24-hour Sarcina lutea turtox culture were also added to the staining broth with the 
broth being replaced twice dally. The samples are rotated through the broth and air. The samples are 
then removed from the apparatus, rinsed well, allowed to air dry and stored under refrigeration until 
used. The amount of stain is graded on an arbitrary scale by examination at 25X under a binocular 
microscope. Using the baseline scores thus obtained, the spedmens are divided into groups of 8 
specimens having equivalent average baseline scores, and mounted on a V-8 mechanical cross- 
brushing machine equipped with soft filament nylon toothbrushes adjusted to 150 g tension upon the 
enamel surface. The dehtifrice. conteining the test silica at 10 per cent by weight loadinig, is tested as 
a slurry consisting of 25 g dentifrice mixed with 40 cm® deionised water and the specimens are 
brushed for 800 double strokes. After brushing, the specimens are rinsed, blotted dry and graded 
again. The difference between pre- and post-test scores is considered to represent the ability of the 
test dentifrice to renrrave the stain. A standard lot of caldum pyrophosphate is assessed as a sluny 
and allotted the arbitrary cleaning value of 100. 
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The cleaning scores of the test materials are expressed as a ratio: 

Mean decrement for test material 

X 100 = Pellicle Cleaning Ratio 

Mean decrement for reference material 



This measurement is earned out on a 5 weight per cent suspension of the silica in k)oiled 
demineralised water (CO2 free). 

Ignition Loss at 1000" C 

Ignition loss is detenmined by the loss in weight of a silica when ignited in a fumace at 1000*" C to 
constant weight 

Moisture Loss at 105*> C 

Moisture loss is determined by the loss in weight of a silica when heated in an oven at 105® C to 
constant weight 

Loose Bullc Density 

Loose bulk density is determined by weighing approximately 180 cm^ of silica into a dry 250 cm^ 
measuring cylinder, inverting the cylinder ten times to remove air pockets and reading the final settled 
volume. 

Loose Bulk Density (in g/dm^ = Weight (g) 

Volume (dm^ 

Tapped Bulk Density 

The same procedure is adopted as for Loose Bulk Density except that the measuring cylinder is 
subjected to 200 taps in a mechank:al tapper, manufoctured by Quantachrome Corporation (Dual 
Autotap nK>del No. DA-2) with a drop height of 4 mm. A reading is taken of the final settled volume 
and used to cateulate the Tapped Bulk Density using the same equation as is used for Loose Bulk 
Density. 



Sulphate and Chloride Contents 

Sulphate is determined gravimetrically by hot water extraction of the silica, followed by precip'itatk>n as 
barium sulphate. Chloride is determined by hot water extraction of the silica, followed by titration witii 
standard silver nitrate solution using potassium chromate as indicator (Mohr's method). 



Iron Content 

This is determined from solution by first removing siOca as silicon tetrafluoride. utilising hydrofluoric 
acid, and dissolving any remaining residue in nitric ackJ. The total Fe In the silica is then determined 
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by induction coupled plasma atomic emission spectroscopy, using standard Fe soiutbns in 
accordance with the equipment manufecturer's instructions. 



Mercury Pore Volume 

Mercury Pore Volume is determined by standard mercury intrusion procedures using a Micromeritics 
Autopore 9220 mercury porosimeter. The pore radius is calculated from the Washbum equation using 
values of surface tension for mercury of 485 mN/m and a contact angle of 140**. 
Prior to measurement the sample is outgassed at room temperature to a pressure of 6.7 Pa. 
Mercury Pore Volume can be split into two components: intra- and Inter-particle porosity. The inter- 
particle porosity is a measure of the packing of the aggregated structure and is influerfced by particle 
size. The intra-particle porosity, which is used to characterise the silicas of this invention. Is a 
measure of the porosity of the fundamental particles and is determined by the wet processing 
conditions. 

The Mercury Pore Volume recorded is that occuning over the range of calculated pore diameters of 
0.05 to 1.0 micron to represent the true intra-partde porosity of the silica from the mercury intrusion 
curve, i.e. the porosity of the voids within the particles. 

Light Transmission 

The sample of silica is dispersed in a range of Sorbitol syrup (70% Sorbttol)/water mbctures at 4% by 
weight concentration. After de-aeration, usually 1 hour, the transmission of the dispersions Is 
determined using a spectrophotometer at 589 nm; water being used as blank. The refractive index of 
each dispersion is also measured using an Abbe refractometer. 

A graphical representation of transmission plotted against refractive index allows the range of 
refractive indices over whk:h the transmlssk>n exceeds 70% to be detenmined. The maximum 
transmlsston of the sample and the apparent refractive index of silica at whk:h this is obtained can 
also be estimated from this graph. 

The invention is illustrated by Uie following non-limiting examples. 
EXAMPLES 

A heated, baffled, stin-ed reaction vessel configured with an external shear device was used for the 
silicate/ackJ reaction. 

Mixing is an important feature in the reaction of silicate and sulphuric ackJ. Consequentiy fixed 
specifications, as listed In Chemineer Inc. Chem Eng. 26 April 1976 pages 102-110, have been used 
to design tiie baffled, heated, stirred reactbn vessel. Whilst the turbine design is optional to the 
mixing geometry, a 6-bladed 30'' pitched bladed unit has been chosen for tiie examples in order to 
ensure maximum mixing effectiveness with minimum shear. Shear was supplied to the reaction 
mixture by circulating the contents of the reaction vessel through an extemal high shear mbcer 
(Siiverson). containing a square hole high shear screen, tiiroughout the simuttaneous addition of 
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silicate and acid, the energy input being commensurate with the volume flow and number of 
recirculations required as specified by the manufacturer to give an energy input of at least 0.36 M J/kg 
SiOa. 



5 The solutions used in the process were as follows:- 

a) A sodium silicate solution with a specific gravity of 1.2. an SIO2 : NaaO weight ratio in the range 
3.24 : 1 to 3.29 : 1 and an SiOa concentration of 16.5 per cent by weight 

b) A sulphuric acid solution of specific gravity 1 .12 (1 7.5 per cent solution by weight). 

10 The following procedure was adopted in the preparation of the precipitated silicas. Values of reactant 
concentrations, volumes, temperatures and ageing steps are given in Table 1. 

(A) dm^ of water were placed In the vessel with (B) dm® of sodium silicate solution and (C) dm® of 25% 
by weight aqueous sodium chloride solution. This mixture was then stirred and heated to (D)*> C. 
15 (E) dm® of sodium silicate and (F) dm® of sulphuric acid were then simultaneously added over 60 
minutes at (D)® C. The flow rates of the silicate and acid solutions were uniform tiiroughout the 
addition period to ensure that a constant pH was maintained in the vessel. 
The resultant slurry was aged for (G) minutes at (H)^' C. 

A fiirtfier amount of sulphuric acid solution was then added over a period of (I) minutes until the pH 
20 was reduced to 5. The slurry was then adjusted to ttie end of batch pH (J). 

The final slurry was then filtered and washed witii water to reduce the excess salts present to less 
ttian 2 per cent by weight based on dry silica. Afler washing, the filter cake in each example was 
flash dried to remove the water rapidly from the silica so tiiat the structure was maintained, and the 
dry silica was conruninuted to the desired particle size range. 

25 

The precipitated silicas obtained had the properties tisted in Table 2, expressed on a dry weight basis. 
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TABLE 1 





Example 1 


Example 2 


Vessel Capacity (dm^ 


300 


300 


Water Volume (A) (dm^) 


133.9 


143.2 


Silicate ratio Si02 : Na20 by wt 


3.29 


3.24 


Si02 Concentration in Silicate (per cent by weight) 


16.5 


16.6 


Silicate volume (B) (dm^ 


1.1 


1.1 


Sodium chloride solution volume (C) (dm^ 


12.0 


11.9 


Silicate volume (E) (dm^ 


106.9 


107.8 


Acid density (g/cm^ 


1.12 


1.12 


Acid volume (F) (dm^ 


46.2 


36.1 


Temperature (D) (® C) 


80 


65 


Age Temperature (H) (** C) 


94 


94 


Second acid addition time (1) (mins.) 


7 


7 


Age time (G) (mins.) 


15 


15 


End of batch pH (J) 


4 


4 
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TABLE 2 



TEST 


Example 1 


Example 2 


Oil Absorption (cm^/IOOg) 


79 


130 


BET Surface Area (m^/g) 


64 


252 


Weight Mean Particle Size (fim) 


6.8 


7.7 


Ninetieth Percentile Particle Size by Weight (urn) 


16.0 


15.3 


RDA of Silica 


200 


133 


Perspex Abrasion Value 


17 


14 


Pellicle Cleaning Ratio at 20 wL% loading In Fomiulation B 


119 


96 


Pellide Cleaning Ratio at 10 wt% loading in Formulation A 


96 


93 


pH of a 5 weight per cent aqueous slurry 


7.5 


7.1 


Ignition loss at 1000^ C 


7.8 


10.5 


Moisture Loss at 105** C (%) 


3.6 


6.7 


Bound Water (%) 


4.2 


4.8 


Loose Bulk Density (g/dm^) 


363 


253 


Tapped Bulk Density (g/dm^ 


421 


304 


Mercury Pore Volume (cm^ g"^) 


0.34 


0.83 


Mean Pore Diameter (nm) 


21 


13 


Maximum per cent Transmission 


70 


85 


at a Refractive Index of 


1.440 


1.438 


S04^- (%) 


0.17 


0.21 


cr(%) 


0.07 


0.05 


Fe(ppm) 


250 


30O 



Formulations A and B of the dentifrices used to measure the Pellicle Cleaning Ratk) were as shown in 
Table 3 below. 
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TABLE 3 



COMPONENT 


FORMULATION A 
(% by weight) 


FORMULATION B 
(% by weight) 


water 


27.6 


27.6 


sorbitol 


30.8 


25.8 


silica abrasive of the invention 


10,0 


20.0 


Silica thiCKener, Sonx>sil TC 15 


11.0 


6.0 


glycerine 


9.5 


9.5 


Polyethylene glycol (PEG 600) 


3.0 


3.0 


tetrapotassium pyrophosphate 


2.0 


2.0 


soQiurn lauryi suipnaie 


o r\ 
2.0 


2.0 


aqueous sodium hydroxide (50 wt%) 


1.0 


1.0 


flavour 


1.0 


1.0 


sodium monofluorophosphate 


0.8 


0.8 


sodium carboxymethyl cellulose 


0.6 


0.6 


titanium dioxide 


0.5 


0.5 


saccharin 


0.2 


0.2 



5 Sorbosil TCI 5 is a thickening silica available from INEOS Silicas Umited, Warrington, UK. 
Example 3 

A mastert)atch was prepared by combining 2.0 parts by weight of silica as prepared in Example 1 
10 above with 98.0 parts by weight of polypropylene [Masplene MAS5402 (ASTM Melt Flow Index. 
230<* C, 2.16 kg = 12 g/10 min) manufactured by FT Polytama Propindo. Jakarta, Indonesia] at a melt 
temperature of 220 to 240** C using an APV MP2030-25 XLT Twin-screw compounding extruder fitted 
with a 5 mm strand die and pelletlser. The resulting masterbatch was dry mixed with virgin polymer to 
produce a composition which contained 0.35 parts by weight of silica and the resulting mbcture was 
15 blown into films of nominal single-ply thickness 25 ± 5 pm using a Kween B (Taiwan) PR 45/500 
Blown PR Film Unit The properties of the films produced were measured as fblk>ws. 
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Induced Blocking Force 

Induced blocking force of the prepared film samples was measured according to 'Method B' of 
BS2782: Part 8: Method 825A:1996 and ISO 11502:1995. Blocking conditions used to induce 
blocking in specimens prepared from the film samples were adjusted from those specified in Section 
5 5.42 of the method to allow for the type of film manufacturing process used and likely service of the 
prepared film. Weights of mass 5.7 kg were therefore placed on each assembly (method specifies 
2.3 kg) and the assemblies were heated in an oven for 24 hrs at 60* 0 ± 2" C, (method specifies 3 hrs 
at 50* C + 2** C). The induced blocking force of specimens prepared under such conditions was 
measured using a Testometric Micro 350 Universal Materials Testing Instrument fitted with a 5 kgf 
10 (50N) load cell. The maximum force necessary to separate the film plies was recorded for each 
sample spedmen and results (5 per sample) averaged for each specimen set to give the induced 
blocking force (N) for that particular film sample. 

Static and Dynamic Coefficients of Friction 

15 Static and dynamic coefficients of friction for the prepared film samples were measured according to 
BS2782: Part 8: Method 824A:1996 and ISO 8295:1995 using a Ray-Ran Polytest Advanced Static 
and Dynamk: Coefficient of Friction Tester. The method places tiie surfeces*(in this case the two plies 
of the blown film sample) In plane contact with each other under unifomn contact pressure. The force 
needed to displace the surfaces relative to each other is recorded and can be resolved Into stetic and 

20 dynamk: components giving measurements of ttie static and dynamic coefficients of friction. 

Haze and Luminous Transmittance 

Haze and luminous transmittance levels for the prepared film samples were measured according to 
ASTM D1 003-92 using a BYK Gardner Haze-Gard Plus Instrument 

25 

The results are shown in Table 4 below. 
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TABLE 4 





Silica of Invention 


Reference iVIaterial 


% Decrease in induced 
Blocking Force, N 


52.1 


64.7 


% Decrease in Static 
Coefficient of Friction, p 


74.2 


83.3 


% Decrease in Dynamic 
Coefficient of Friction, p 


51.7 


40.4 


% Increase in Haze 


1.6 


2.6 


% Increase in Luminous 
Transmittance 


0.02 


0.02 



^Reference material was an anti-blocl<ing silica sold under the trade name SYLOBLOC 46 by Grace- 
Davison and available from Grace GmbH. Worms, Germany. 

Decrease or Increase data shown relative to polymer films prepared from virgin polymer (no anti- 
blocking agent added). 
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1. An amorphous silica suitable for use in a dental composition having a weight mean parUde 
size In the range 3 to 15 ^m with at least 90 per cent by weight of particles having a size below 
20 urn, a Radioactive Dentine Abrasion (RDA) detemiined on an aqueous slurry of the silica powder 
of 100 to 220. a Pellicle Cleaning Ratio (PCR), when incorporated in a dental composition at 10 per 
cent by weight, greater than 86, the ratio of PCR to RDA being in the range 0.4 : 1 to less than 1 : 1 
and having a Plastics Abrasion Value in fhe range 1 1 to 19. 

2. An amorphous silica according to claim 1 characterised in having an oil absorption, using 
linseed oil, in the range 70 to 150 cm^/100 g. 

3. An amorphous silica according to claim 1 or 2 characterised in having a BET surface area in 
ttie range 10 to 450 mV^ 

4. An amorphous silica according to any one of the preceding claims characterised in having a 
particle size distribution such that at least 90 per cent by weight of the particles have a size below 
17 \xm. 



5. An amorphous silica according to any one of the preceding claims characterised in having a 
weight mean particle size in the range 3 to 7 jun and a particle size distribution such tfiat at least 
90 per cent by weight of the particles have a size below 16 iim. 

6. An amorphous silica according to any one of the preceding claims characterised in having a 
pH value, measured on a 6 per cent by weight suspension, in the range 6 to 8. 

7. An amorphous silica according to any one of the preceding claims characterised in having a 
water content, as detemiined by Ignition at 1000** C, of up to 25 per cent by weight 

8. An amorphous silica accoreJing to any one of ttie preceding claims characterised in having a 
bound water content in the range 3.8 to 6.8 per cent by weight 

9. An amorphous silica according to any one of ttie preceding claims characterised in having a 
loose bulk density In tiie range 200 to 400 g/dm^ 

10. An amorphous silica according to any one of ttie preceding claims characterised in having a 
Pore Volume in the range 0.1 to 1.0 cm^ g'\ 

11. An amorphous silica according to any one of ttie preceding claims characterised in having a 
mean pore diameter in the range 5 to 45 nm. 
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12. A dental composition comprising an amorphous silica having a weight mean particle size in 
the range 3 to 15 with at least 90 per cent by weight of particles having a size below 20 \im, a 
Radioactive Dentine Abrasion (RDA) determined on an aqueous slurry of the silica powder of 100 to 
220. a Pellicle Cleaning Ratio (PGR) when incorporated in a dental composition at 10 per cent by 
weight greater than S5, the ratio of PCR to RDA being in tiie range 0.4 : 1 to less tiian 1 : 1 and 
haying a Plastics Abrasion Value (PAV) in tiie range 1 1 to 19 and an orally acceptable canler. 

13. A dental composition according to claim 12 characterised in containing from 0.1 to 25 per cent 
by weight of the amorphous silica. 

14. A dental composition according to claim 12 or 13 characterised in containing from 0.1 to 6 per 
cent by weight of amorphous stJtca according to claim 5. 

15. A dental composition according to claim 12 or 13 characterised in further comprising a second 
amorphous silica having an RDA value tower than the amorphous silica according to claim 1. 

16. A dental composition according to daim 15 characterised in containing an amount of silica 
according to claim 1 in the range 1 to 15 per cent by weight and an anK>unt of a second silica In tiie 
range 4 to 20 per cent by weight 

17. A dental composition according to daim 14 characterised in further comprising a principal 
silica in an amount in the range 4 to 25 per cent by we^ht 

18. A dental composition according to any one of claims 12 to 17 characterised in that the 
composition is a clear composition and contains a silica according to any one of daims 1 to 1 1 and 
having a maximum transparency with a light transmission of at least 70 per cent at a refractive index 
in the range 1.435 to 1.445. 

19. A process for the preparation of an amorphous silica comprising the steps of. 

(a) introdudng an amount of an aqueous solution of alkali metal silicate, having an Si02 : M2O 
molar ratio, where M is an alkali metal, In the range from 2.0 : 1 to 3.4 : 1 and a first amount of 
mineral acid into an aqueous reaction mixture whilst applying high shear from an in-line mixer 
to the reaction mixture, the alkali metal silicate solution and the mineral acid being supplied at 
a rate which ensures that the pH of the reaction mbctijre Is heM substantially constant at a 
value In the range from at)out 9 to about 1 1 , the concentration of silica after the addition of the 
first amount of mineral add being from at>out 5.5 to about 7.5 per cent by weight of the 
reaction mixture, the temperature of the reaction mixture during introduction of the alkali metal 
silicate and the mineral acid being in the range of about 60^ C to about 60° C and the period 
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over which the alkali metal silicate and the mineral acid are introduced being between 40 and 
80 minutes, in the presence of a water soluble electrolyte, wherein the electrolyte is present in 
an amount such that the weight ratio of electrolyte to silica Is from about 0.1 : 1 to 0.25 : 1, 

(b) increasing the temperature of the reaction mixture to a temperature in the range 90 to 
100» C, 

(c) maintaining the reaction mixture at this temperature for a period in the range 5 to 30 
minutes. 

(d) adding to the reaction mixture a second amount of mineral acid over a period In the rangie 
5 to 20 minutes, said second amount being sufficient to adjust the pH of the reac^on mbcture 
to a value in the range 3 to 5. 

(e) filtering the silica thus produced from the reaction mixture and washing and flash drying 
the silica, and 

(f) comminuting the dried silica to the desired particle size distribution. 

20. A process according to claim 19 characterised in that the addition of a second amount of 
mineral acid in step (d) is paused at a pH in the range 5 to 6 and the reaction mixture is maintained at 
a pH in the range 6 to 6 and at a temperature in the range 90 to 100** C for a period in the range 5 to 
30 minutes, after which the second addition of add is continued. 

21. A process according to claim 19 or 20 characterised in that the aikati metal silicate Is sodium 
silicate with an Si02 : NaaO weight ratk) in the range 3,2 : 1 to 3.4 : 1 and a concentration, expressed 
as Si02. in the range 14 to 20 per cent by weight 

22. A process according to any one of claims 19 to 22 characterised In that the mineral acid is 
sulphuric acid wHh a concentration In the range 15 to 20 per cent by weight 

23. A process according to any one of claims 19 to 22 characterised in that ttie water soluble 
electrolyte is sodium chk>ride. 

24. The use of amorphous silica having a weight mean particle size in the range 3 to 15 ^ with 
at least 90 per cent by weight of particles having a size betow 20 urn, a Radioactive Dentine Abrasion 
(RDA) determined on an aqueous slurry of the silrca powder of 100 to 220. a Pellicle Cleaning Ratio 
(PGR), when incorporated in a dental composition at 10 per cent by weight, greater than 85, the ratio 
of PGR to RDA being in the range 0.4 : 1 to less tfian 1 : 1 and having a Plastics Abrasion Value 
(PAV) in tile range 11 to 19 as an anti-blocking agent in a polymer composition. 



25. The use according to claim 24 characterised in tiiat the silica has a bound water content In 
the range 3.8 to 5.8 per cent by weight 
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26. The use according to claim 24 or 25 characterised in that the silica has a loose bulk density in 
the range 200 to 400 g/dm^ 

27. The use according to any one of claims 24 to 26 characterised in that the silica has a mean 
pore diameter in the range 5 to 45 nm. 

28. The use of an amorphous silica having a weight mean particle size in the range 3 to 15 jun 
with at least 90 per cent by weight of particles having a size below 20 ^m, a bound water content in 
the range 3.8 to 5.8 per cent by weight, a loose bulk density in the range 200 to 400 g/dm^ and a 
mean pore diameter in the range 5 to 45 nm as an anti-blocking agent for a polymer composition. 

29. The use according to any one of claims 24 to 28 characterised in that the sllk:a has a pore 
volume in the range 0.1 to 1,0 cm^/g. 

30. The use according to any one of claims 24 to 29 characterised In that the silica has a 
moisture toss at 105** C of less than 5.0 per cent by weight 

31. The use according to any one of claims 24 to 30 characterised in that the polymer 
compositton contains from 0.05 to 0.6 per cent of the anrK>rphous silica by weight 

32. The use according to any one of claims 24 or 31 characterised in that the amorphous siltoa 
has a weight mean particle size in the range 3 to 10 jim with at least 90 per cent of the particles by 
weight having a size below 17 ^m. 
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This International Searching Authority found multiple (groups of) 
inventions in this international application, as follows: 

1. Claims: 1-23 

Amorphous silica having a weight mean particle size in the 
range 3 to 15 um with at least 90% by weight of particles 
having a size below 20 um, a radioactive dentine abrasion 
(RDA) determined on an aqueous slurry of the silica powder 
of 100 to 220, a pellicle cleaning ratio (PCR), when 
incorporated in a dental composition at 10% by weight, 
greater than 85, the ratio PCR:RDA 0.4:1 to less than 1:1 
and having plastics abrasion value in the range 11-19 as a 
dental composition 



2. Claims: 24-27 

Amorphous silica having a weight mean particle size 1n the 
range 3 to 15 um with at least 90% by weight of particles 
having a size below 20 um, a radioactive dentine abrasion 
(RDA) determined on an aqueous slurry of the silica powder 
of 100 to 220, a pellicle cleaning ratio (PCR), when 
incorporated in a dental composition at 10% by weight, 
greater than 85, the ratio PCRiRDA 0.4:1 to less than 1:1 
and having plastics abrasion value in the range 11-19 as a 
ant i -blocking agent In a polymer composition. 



3. Claims: 28-32 

The use of an amorphous silica having a weight mean particle 
size in the range 3 to 15 um with at least 90% by weight of 
particles having a size below 20 um, a bound water content 
in the range 3.8 to 5.8% by weight, a loose bulk density in 
the range 200 to 400 g/dm3 and a mean pore diameter in the 
range 5 to 45 nm as an ant i -blocking agent for a polymer 
composition 
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Present claims 1-27 relate to a product defined (Inter alia) 
by reference to the following parameters: 

PI: Radioactive Dentine Abrasion 
P2: Pellicle Cleaning Ratio 

P3: Plastics Abrasion Value 
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render a meaningful complete search Impossible. Consequently, the search 
has been restricted to an amorphous silica having a weight mean particle 
size in the range 3 to 15 um with at least 90 per cent by weight of 
particles having a size below 20 um. The problem Is that In many 
documents the RDA is not given. Many recent prior art documents disclose 
amorphous silica with ROA > 1, however, they discuss in these documents 
that the prior art generally disclose amorphous silica with RDA < 1 
although no RDA values are given. 

The applicant's attention is drawn to the fact that claims, or parts of 
claims, relating to inventions In respect of which no international 
search report has been established need not be the subject of an 
international preliminary examination (Rule 66.1(e) PCT). The applicant 
Is advised that the EPO policy when acting as an International 
Preliminary Examining Authority is normally not to carry out a 
preliminary examination on matter which has not been searched. This Is 
the case irrespective of whether or not the claims are amended following 
receipt of the search report or during any Chapter II procedure. 
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